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METHOD FOR CENTERING A HUB IN AN OPTICAL DISC, AND AN 
OPTICAL STORAGE SYSTEM USING 8UCH DISC 

Technical Field 
5 The present invention relates generally to the 

field of optical storage systems, and in particular, to 
an optical storage system, including an optical disc 
having a low radial total indicated runout error, 
wherein the optical disc is capable of containing a 
10 high capacity of information therein, and method of 
manufacturing such a disc. 

Background of the Invention 
Optical data discs are a popular media choice for 

15 the distribution, storage and accessing of large 
volumes of data. This includes audio and video program 
material, as well as computer programs and data. 
Formats of optical data discs include audio CD (compact 
disc) , CD-R (CD-readable) , CD-ROM (CD-read only 

20 memory) , DVD (digital versatile disc or digital video 
disc) media, DVD-RAM (random access memory), various 
types of rewritable media, such as magneto-optical (MO) 
discs (including near field recording technology), and 
phase change optical discs. In general, optical discs 

25 (such as CD-ROMs) are produced by making a master which 
has physical features representing the data formed in 
or on a reference surface therein. The master is used 
to make a stamper, which, in turn, is used to make 
production quantities of replica discs, each containing 

30 the data and tracking information which was formed in 
the master. The high data capacity, convenience, and 
relatively low production costs of such discs have 
contributed to their great success and acceptance in 
the marketplace. 

35 In optical discs, data is stored as a series of 

lower reflectance "pits" embossed within a plane of 
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higher reflectance "lands". The microscopic pits are 
formed on the surface of the plastic disc when the disc 
material is injected into a mold. Typically, the 
pitted side of the disc is then coated with a 
reflectance layer, such as a thin layer of aluminum, 
and in the case of a CD, followed by a protective layer 
of lacquer. The pits on an optical disc can be 
arranged in a spiral track originating at the disc 
center hub and ending at the disc outer rim, wherein 
each data track is defined as a cycle of the spiral. 
The data can also lie in a series of concentric data 
tracks spaced radially from the center hub. 

To read the data on an optical disc, an optical 
disc player shines a small spot of laser light through 
the disc substrate onto the data layer as the disc 
rotates. The intensity of the light reflected from the 
disc's surface varies according to the presence (or 
absence) of pits along the information track. When a 
pit lies directly underneath the "readout" spot, much 
less light is reflected from the disc than when the 
spot is over a flat part of the track. A photodetector 
and other electronics inside the player translate this 
variation into the 0s and is of the digital code 
representing the stored information. 

As optical disc technology has evolved, optical 
discs have increased in storage capacity. Higher 
density discs have resulted in the storage of a greater 
amount of information within the same size of disc 
area. For example, a CD having a storage capacity of 
0.65 gigabytes has data pits which are 0.83 M m long and 
has a track pitch (the distance between data tracks) of 
approximately 1.6 jn. m comparison, a DVD disc data 
pit is as small as 0.4 /xm long, and a track pitch of 
only 0.74 nm, resulting in a storage capacity of 5 
gigabytes on a single layer. Similarly, mo and phase 
change disc track pitch varies with the density or 
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storage capacity of the disc. 

To read high-capacity optical discs having smaller 
pits and a smaller track pitch, the optical disc 
player's read beam must achieve a smaller spot focus. 

5 Further, data must be more precisely located on the 
optical disc substrate. Ideally, the data tracks are 
concentrically located about the center hole of the 
disc. During the optical disc manufacturing process, a 
centering error is introduced into the radial 

10 positioning of the data tracks (or track cycles) on the 
optical disc. This error is known as radial total 
indicated runout (RTIR) • RTIR is defined as the 
measure of non-concentricity of the data tracks to the 
drive spindle on the optical disc player. 

15 In a conventional optical disc manufacturing 

process, RTIR error is introduced during the injection 
molding process. A typical injection molding process 
begins with a tooling mechanism. The optical tooling 
mechanism includes a fixed side and a moving side. The 

20 moving side typically includes a stamper for 
replicating data and format information into the disc 
substrate, and a movable gate cut for cutting a central 
opening in the disc substrate. The stamper is located 
by an inner holder, wherein the inner holder fits over 

25 the stamper. Several more parts may be located at the 
center inside diameters of the tool. In typical 
optical tooling, all of these parts need to remain 
concentric between the gate cut and the removable inner 
holder for concentric registration (or centering) of 

30 the format information (data tracks) in the disc 
substrate relative to the disc central opening or 
center hole. 

In a disc molding process, a resin, typically 
polycarbonate, is forced in through a sprue channel 
35 into a substrate cavity within the optical tooling 
(mold) to form the optical disc substrate. The format 



3 



WO 98/47143 



PCT/US98/07751 



10 



15 



of the grooves and pits are replicated in the substrate 
by the stamper as the cavity is filled. After filling, 
the gate cut is brought forward to cut a center hole in 
the optical disc. After the part has sufficiently 
cooled, the optical tooling mold is opened and the 
sprue and product eject are brought forward for 
ejecting the formed optical disc off of the stamper. 
The inner holder may be removed to allow change out of 
the stamper. 

Any misalignment of the aforementioned optical 
tooling results in the replication of greater RTIR 
error in the molded disc. Further, any debris, flash 
or other imperfections resulting from the gate cut 
action, and any misalignment of the moving stamper 
relative to the fixed side of the optical tooling will 
add to the RTIR error. When track pitch is larger, 
such as in CD optical discs, the disc reader is capable 
of reading optical discs having typical RTIR errors 
between 50 and 100 /m due to a relatively large track 
20 pitch (1.6 nm). For higher capacity discs, such as DVD 
discs, it is difficult (or impossible) for an optical 
reader to read a DVD optical disc having an RTIR error 
greater than 50 fim, due to the smaller track pitch. 
Similar problems exist with MO disc technology having a 
25 typical RTIR between 20 and 30 p. 

In order to reduce the RTIR error to acceptable 
(or readable) levels, hubs are installed within the 
center opening of the optical disc. A new center is 
located, and the hub is installed centered on the disc 
30 relative to the formatted data tracks. This is 
typically accomplished using a costly centering 
process. Further, the hub itself is insert molded, 
resulting in a high expense relative to the total disc 
cost. 

It is desirable to have an optical storage system 
including a high-capacity optical disc having a low 
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RTIR error. It is desirable to have a high-capacity 
optical disc having low RTIR which utilizes an 
economically efficient method of centering the drive to 
the information on the disc. Further, it is desirable 
5 to have a disc molding process for forming high- 
capacity optical discs which may include simple 
modifications to conventional optical tooling, and 
which introduces low RTIR error into the disc 
substrate. 

10 

Summary of the Invention 
The present invention includes an optical storage 
system, including a high-capacity optical disc having a 
low RTIR error. The present invention also includes a 
15 disc molding and manufacturing process for forming 
high-capacity optical discs which includes optical 
tooling which introduces low RTIR error into the disc 
substrate. 

In one embodiment, the present invention is an 

20 optical storage system including a disc drive and an 
optical media having a low radial total indicated 
runout. The optical media includes a disc substrate 
having a center hole, the disc substrate including a 
formatted surface and a central region, wherein the 

25 central region is located between the formatted surface 
and the center hole. A disc alignment mechanism is 
located within the central region, wherein the 
concentric registration of the formatted surface is 
specified relative to the disc alignment mechanism. A 

30 hub having a hub center hole is located at the disc 
substrate center hole, wherein the hub center hole is 
centered relative to the disc alignment mechanism. The 
disc drive includes a drive spindle and a center pin 
extending from the drive spindle for centering the 

35 drive spindle to the optical media. 

The formatted surface may include a plurality of 
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includes a generally cylindrically shaped body and a 
flange extending from the generally cylindrically 
shaped body. The flange may be secured to the disc 
substrate. The disc substrate may include a surface 
5 having a depression located about the center hole, 
wherein the flange is secured to the disc substrate 
within the depression. The depth of the depression may 
be greater than the thickness of the flange. 

In another embodiment, the present invention 

10 includes a method of centering a hub relative to a 
formatted surface of an optical disc capable of 
containing a high capacity of information therein. The 
optical disc having a low radial total indicated runout 
error. The method includes molding a disc substrate 

15 having a center hole, the disc substrate including the 
formatted surface and a central region, wherein the 
central region is located between the formatted surface 
and the center hole. A disc alignment mechanism is 
formed within the central region, wherein the 

20 concentric registration of the formatted surface is 
specified relative to the disc alignment mechanism. A 
hub is centered within the center hole relative to the 
disc alignment mechanism. The hub may include a center 
hole, wherein the hub center hole is centered relative 

25 to the disc alignment mechanism. The disc alignment 
mechanism may be an annular ring. 

The centering of the hub may further include the 
step of providing a jig having a centering mechanism 
and a center pin, wherein the center pin is centered on 

30 the jig relative to the centering mechanism. The 
centering mechanism is matable with the disc alignment 
mechanism. The disc substrate is placed on the jig, 
wherein the disc alignment mechanism is mated with the 
centering mechanism. The hub is placed over the center 

35 pin and the hub is secured to the disc substrate. The 
hub may be secured to the disc substrate with an 
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adhesive. The hub may be placed over the center pin by 
passing the center pin through the hub center hole. 

In another embodiment, the present invention 
includes a stackable optical disc. The stackable 
5 optical disc includes a disc substrate having a first 
side and a second side, including a formatted surface 
therein. A stacking mechanism may extend from the disc 
substrate. Means are provided integral the disc 
substrate for providing radial support during stacking 
10 of the optical disc. 

The stacking mechanism may . include an annular 
ridge. The means for providing radial support may be a 
depression in the disc surface. The depression may be 
formed to receive the stacking mechanism. 

15 

Brief Description of the Drawings 
Other objects of the present invention and many of 
the attendant advantages of the present invention will 
be readily appreciated as the same becomes better 
20 understood by reference to the following detailed 
description when considered in connection with the 
accompanying drawings, in which like reference numerals 
designate like parts throughout the figures thereof, 
and wherein: 

25 Fig. 1 is a partial cross-sectional view of an 

optical storage system in accordance with the present 
invention; 

Fig. 2 is an expanded view of the optical storage 
system shown in Fig. 1; 
30 Fig. 3 is a plan view of an optical disc in 

accordance with the present invention; 

Fig. 4 is a partial cross-sectional view taken 
along line 4-4 of Fig. 3; 

Fig. 5 is one embodiment of a tool for use in a 
35 disc molding process for producing an optical disc in 
accordance with the present invention; 
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Fig. 6 is a top view of one embodiment of the 
inner holder shown in Fig. 5; 

Fig. 7 is a cross-sectional view taken along line 
7-7 of Fig. 6; 

Fig. 8 is a cross-sectional view showing a 
plurality of optical discs utilizing the optical disc 
stacking mechanism in accordance with the present 
invention; 

Fig. 9 is a partial cross-sectional view showing a 
step in manufacturing an optical disc for use in an 
optical disc storage system in accordance with the 
present invention; 

Fig. 10 is a partial cross-sectional view showing 
an assembled optical disc having a hub centered therein 
for use in an optical disc storage system in accordance 
with the present invention; 

Fig. li is a partial cross-sectional view showing 
one embodiment of the optical storage system in 
accordance with the present invention in operation; 

Fig. 12 is a partial cross-sectional view of a 
second embodiment of an optical disc in accordance with 
the present invention; and 

Fig. 13 is a partial cross-sectional view of a 
third embodiment of an optical disc in accordance with 
25 the present invention. 
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Detailed Description of thp Prefers gmbodjmen^s 
In Fig. l, an optical storage system in accordance 
with the present invention is generally shown at 20. 
The optical storage system 20 includes an optical disc 
cartridge 22 coupled to an optical disc reader 24 
(partially shown). in particular, the optical disc 
cartridge 22 includes a cartridge shell 26 having an 
optical disc 28 contained therein. The optical disc 
reader 24 includes an optical disc drive spindle 30 
having a center pin 32 extending therefrom. 
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The optical disc cartridge 22 is centered on the 
optical disc reader 24. Optical disc 28 has a low 
radial total indicated runout (rtik) , and as such can 
include a high capacity of data contained therein. The 
5 optical disc 28 is centered on the drive spindle 30, 
and more particularly, the data contained on the 
optical disc 28 is concentrically located relative to 
the center pin 32. As such, a high capacity of data 
may be contained on optical disc 28 with a low RTIR 
10 allowing optical disc 28 to be read using optical disc 
reader 24. 

In Fig. 2, the optical storage system 20 is shown 
in expanded view. The optical disc 28 is rotatably 
contained within the cartridge shell 26. The cartridge 

15 shell 26 protects the optical disc 28 from damage and 
debris. The cartridge shell 2 6 includes a cartridge 
opening 34 which allows the drive spindle 30 to access 
the optical disc 28. When optical disc cartridge 22 is 
placed within optical disc reader 24, the drive spindle 

20 30 is operated forward through the cartridge opening 34 
to engage the optical disc 28 for rotation of the 
optical disc 28. 

The optical disc 28 includes a disc substrate 36 
having a formatted surface 38, a disc alignment 

25 mechanism 40, and a center hole 42. Located within the 
center hole 42 is a hub 44, having a hub center hole 
46. The concentricity of formatted surface 38 is 
specified relative to the disc alignment mechanism 4 0 
as a result of the optical disc manufacturing process. 

30 The hub 44 is located within center hole 42 and 
centered relative to the disc alignment mechanism 40. 
Hub center hole 46 is capable of receiving the optical 
disc drive spindle center pin 32. As such, when the 
optical disc drive spindle 30 is engaged with the 

35 optical disc 28, the center pin 32 extends through the 
hub center hole 46, and the optical disc 28 is centered 
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on the optica! disc teive e 
particularly, the formatted surfaca M «° 
concentrically located (centered, relative to the 
optical disc drive (at spindle 30) . 
5 With the present invention, the optical disc 26 

Z P ZT blY T h ' hi r— «V optica! disc havin, 2 ! 
low RTIR. The optical disc 28 and method of 
manufacturing the optical disc 28 is described in 
neater detail later in the specification. 

Disc drive spindle 30 includes a generallv 
cylindrical^ shaped hody 48 having a first end 50 and 
a second end 52. The first end 50 contacts and engages 
the optica! disc 28. The secona 52 u 

dr 7 ™ ecl — Cot shown, within the optical disc 
reader 24 for control and rotation nf m „ 
30 _ roration of the drive spindle 
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The center pin 3 2 is generally cylindrically 
■ aped and extends fro, the first end 50. Th e center 
Pa M is centered along the longitudinal axis of 
rotation of the drive spindle 30, indicated at 54 

The drive spindle 30 further inciudes a flange 56 
end a coupling mechanism 58. The flange 56 
radially fro, the generaUy cymc ^ shape ~ 

48 proximate the first end 50. The flange 56 provides 
support to optical disc 2a rt,„.4 n provices 
, J . during engagement of the 

*: dlS V 8 - In »™°!*«. the flange 58 includes 
a flange surface 60 which contacts the optical disc 28. 

The coupling mechanism 58 can he located adjacent 
the center pin 32, and provides a coupling force 
between the disc drive spindle 30 and the optical disc 
M. m one exemplary embodiment shown, the coupling 
mechanism 58 is formed of a ferro magnetic material 

(and \ ma9net enbedd6a Withi " thS driVe s >adle 30 
(and may be connected to a power source, for providing 

2 n nr: coupun9 £orce «» °<*^ 

28 and the drive spindle 30. 
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or ridge generally concentrically located about the 
center hole 42. It is also recognized that the disc 
alignment mechanism 40 may consist of other features in 
the disc substrate. Due to the alignment mechanism 40, 
5 it is not required that center hole 42 be precisely 
centered relative to the formatted surface 38. The 
annular ring 4 0 extends as a molded projection from the 
surface of the optical disc substrate 36. In one 
preferred embodiment, the height of the annular ring 40 

10 relative to the disc substrate 3 6 is preferably less 
than the thickness of the disc substrate 36, and must 
be sized and shaped such that it is capable of 
functioning as a disc alignment mechanism. In one 
preferred embodiment, the annular ring 40 extends 0.5 

15 mm from the surface of the disc substrate 36. 
Alternatively, it is recognized that the disc alignment 
mechanism 4 0 may consist of a separately manufactured 
piece adhered to the disc substrate 36. 

The hub 44 is centered relative to thfe data tracks 

20 on formatted surface 38 using disc alignment mechanism 
40 during the optical disc assembly process. In the 
exemplary embodiment shown, the hub 44 includes a body 
76 having an outward extending flange 78. The hub 
center hole 46 extends through the body 76. As the 

25 body 76 extends through the hub center hole 46, the 
flange 78 seats on the disc surface 70. In one 
preferred embodiment, the flange 78 seats within 
depression 72. The hub 44 is coupled to the disc 
substrate 3 6 at the disc surface 70 using an adhesive 

30 (not shown) . 

In one embodiment, the hub 44 includes a first 
piece 80 and a second piece 82. The first piece 80 is 
formed of pressed steel, and includes flange member 84, 
cylindrical side member 86, and bottom member 88. The 

35 flange member 84 extends in a first direction and forms 
the flange 56. The cylindrical side member 86 extends 
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approximately 90 degrees downward from the flange 
member 84 in a second direction to form the side of hub 
44. The bottom member 88 extends radially inward (in a 
third direction) approximately 90 degrees from the 
5 cylindrical side member 86. The second piece 82 is 
insert molded within the first piece 80, and more 
particularly, is contained by the cylindrical side 
member 86 and the bottom member 88. In this 

embodiment, the bottom member 88 performs the function 

10 of the hub coupling mechanism 79. In another 

embodiment, it is recognized that the hub 44 can be 
formed of a single macroscopically composite magnetic 
polymer. In this embodiment, the hub 44 may include a 
polymer composite which is loaded with a magnetic 

15 material to perform the coupling mechanism function. 

The hub 44 is generally centrally located at the 
optical disc center hole 42. The hub 44, and 
specifically the hub center hole 46, is centered 
relative to the disc alignment mechanism 40. As such, 

20 the data tracks on the formatted surface 38 are 
concentrically located relative to the hub center hole 
46 for centering the optical disc 28 on the optical 
disc drive spindle 30. It is recognized that hub 44 
may extend into or across center hole 42. 

25 The optical disc 20 has a low RTIR error during 

the reading of the disc. More specifically, since the 
data tracks on the formatted surface 38 are 
concentrically located relative to the disc alignment 
mechanism 40 during the disc forming process, a low 

30 RTIR error is introduced into the disc 28 during the 
manufacturing process. In turn, the hub center hole 46 
is centrally located relative to the disc alignment 
mechanism 40. As such, the concentricity of the data 
tracks on the formatted surface 38 are specified 

35 relative to the hub center hole 4 6 with a low RTIR 
error . 
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In the exemplary embodiment shown, it is 
recognized that since the disc alignment mechanism 40 
(shown as an annular ring) extends from the disc 
substrate 36, the disc alignment mechanism 40 may be 
5 used as a stacking mechanism to aid in stacking and 
handling a plurality of optical disc 28. When used as 
a stacking mechanism, the disc alignment mechanism 40 
provides a. separation between each optical disc 28, and 
separates the formatted surface 38 from contact with an 

10 adjacent disc. The use of the disc alignment mechanism 
40 as a stacking mechanism during the optical disc 28 
manufacturing process will be described in detail later 
within the specification. 

In one exemplary embodiment, the optical disc 28 

15 in accordance with the present invention includes the 
disc substrate 36 formed of a polycarbonate resin. The 
disc 28 has an outside diameter of 130 mm, and includes 
center hole 4 2 having a diameter of 15 mm. The disc 
alignment mechanism 40 is an annular ring located 8.3 

20 mm from the opening 22. The annular ring has a width 
of 1 mm and a height of 0.5 mm. Groove 74 is located 
9.6 mm from center hole 42, having a width of 0.9 mm 
and a depth of 0.3 mm. The formatted surface 38 is 
located 4.0 mm from the disc alignment mechanism 40. 

25 In one embodiment, the hub 44 includes a first 

piece formed of pressed steel which includes a second 
piece 82 insert molded therein. The outside diameter 
of the flange member 84 is approximately 25 mm, and the 
outside diameter of the cylindrical side member 86 is 

30 sized for receipt in the optical disc center hole. The 
hub center hole 4 6 is 4 mm in diameter for precisely 
receiving the center pin 32 therethrough. 

In this exemplary embodiment, the optical disc 28 
has a track pitch of 0.35 /xm, having an RTIR of 3 0 /xm 

35 or less. The optical disc 28 may be a high-capacity 
optical disc, having a storage capacity greater than 20 
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gigabytes . 

In one preferred embodiment, the aforementioned 
optical disc 28 is a single sided or dual sided 
magneto-optical disc having a formatted surface which 
5 may be formed therein using conventional magneto- 
optical technology, or may utilize magneto-optical 
technology, including near field recording technology 
(which can be similar to that disclosed in U.S. Patent 
No. 5,202,880 to Lee et al.). The write/read 

10 technology of the data stored on the formatted surface 
38 can utilize near field recording technology, as 
disclosed in U.S. Patent No. 5,125,750 to Corle et al. 

In Fig. 5, a cross section of an optical tool for 
use in producing low RTIR optical discs 28 is generally 

15 shown at 100. The optical tool 100 is used for molding 
replicas of the optical disc 28 in a disc molding 
process, which can be similar to the disc molding 
process as previously described herein. The optical 
tool 100 is part of a complete optical disc molding 

20 manufacturing process (not shown) , which can be a 
process for manufacturing CD-ROM, DVD, MO, or phase 
change optical discs, as previously described herein. 
The low RTIR optical tool 100 generally includes a 
fixed side 104 and a moving side 106. The fixed side 

25 104 is movably coupled to the moving side 106 to form a 
disc substrate cavity 108. A sprue 110 is provided for 
allowing a channel for material forming the disc 
substrate 36, such as a polycarbonate resin, to enter 
the disc substrate cavity 108. 

30 The moving side 106 includes a sprue eject 112, a 

gate cut 114, a product eject 116, a rod cover 118, an 
inner holder 120 and stamper 122. Sprue eject 112 is 
utilized for ejection of sprue 110 during opening of 
the optical tool 100. Gate cut 114 is utilized for 

35 cutting the center hole 42 within optical disc 28. 
Product eject 116 is utilized for ejecting the finished 
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product replica optical disc 28 from the optical tool 
100. Inner holder 120 is removable for changing out 
and securing stamper 122. Rod cover 118 is stationary 
within the moving side 106 to constrain the positions 
of the adjacent movable parts product eject 116 and the 
inner holder 120. Stamper 122 is utilized for 
embossing the formatted surface 38 (including the data 
tracks or track cycles) into optical disc 28. The 
stamper 122 includes data tracks. in the exemplary 
embodiment, for CD-ROM the stamper 122 includes tracks 
formed of data and pits corresponding to the data to be 
embossed into the formatted surface 38 of the optical 
disc substrate 36 during the optical disc molding 
process. 

The process for molding a low RTIR optical disc 28 
in accordance with the present invention includes 
filling the disc substrate cavity 108 with a disc 
molding material, such as polycarbonate resin, through 
the sprue 110 channel (indicated at 123). After the 
polycarbonate resin is forced into the disc substrate 
cavity 108, but before cooling of the polycarbonate 
resin, the gate cut 114 is operated forward, indicated 
by arrow 124, to cut center hole 42 within the optical 
disc substrate 36. After cooling of the resin within 
the disc substrate cavity 108, the formatted surface 38 
has been embossed in optical disc 28, and the optical 
tool 100 is opened. The sprue eject 112 is operated 
forward (indicated by arrow 125). At the same time, 
the product eject lie is operated to remove or eject 
the molded disc substrate 3 6 from the optical tool 100 
surface (specifically, the surface of the moving side 
106) . During this process, the rod cover lis remains 
stationary. The above process is repeated for the 
manufacture of each additional optical disc (or replica 
35 optical disc) substrate. The optical disc 28 then 
passes through a finishing process for forming 
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additional layers over the disc substrate, such as 
reflective layers protective layers or recording layers 
(MO or phase change) , depending on the type and use of 
the optical disc. 
5 Referring to Fig. 6, a top view of the inner 

holder 120 is shown. The inner holder 120 includes a 
body 123, a shape imparting mechanism 125 and locking 
mechanism 126. The shape imparting mechanism 125 
imparts a shape to the optical disc substrate 36 and 

10 the locking mechanism 126 retains the stamper 122 
within optical tool 100. In the embodiment shown, the 
shape imparting mechanism 125 includes an annular 
depression 127, and the locking mechanism 12 6 includes 
an annular raised portion 128. The inner holder body 

15 123 is generally cylindrically shaped, and is 
preferably formed of metal, such as stainless steel or 
aluminum. Referring to Fig. 7, a cross-sectional 
elevational view of the inner holder 120 is shown. The 
inner holder 120 further includes a lock down ring 130. 

20 The inner holder 120 is secured within the optical 

tool 100 at the lock down ring 13 0. The inner holder 
120 is removable from the optical tool 100 for allowing 
the stamper 122 to be changed out. Once a different 
stamper 122 is in place, the inner holder 120 is again 

25 secured to the optical tool 100 at lock down ring 130. 
In a locked position, the raised portion 126 extends 
over an edge of the stamper 122, securely retaining the 
stamper 122 in place. 

In the exemplary embodiment shown, the inner 

30 holder 120 is utilized for forming the disc alignment 
mechanism 40 within the optical disc substrate 36. The 
inner holder 120 raised portion 128 and depression 127 
are located along the top surface 13 2 of the inner 
holder 120. The shape of the top surface 132 is 

35 reflected into the optical disc substrate 3 6 during the 
disc molding process. Specifically, in the exemplary 
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embodiment shown, depression 127 corresponds to form 
the disc alignment mechanism 40 shown as an annular 
ring and the raised portion 128 forms annular groove 
74. 

The unique optical tooling in accordance with the 
present invention produces an optical disc having a low 
RP1R. The stamper 122 is tightly fitted to the inner 
holder 120. The concentricity of the formatted 
information stamped into the disc substrate 36 is 
specified by a single metal part, such as the inner 
holder 120. since the concentricity of the formatted 
information is specified relative to the disc alignment 
mechanism 40 formed by the inner holder i 20/ the 
introduction of rtir error into the optical disc is 
limited to the punching of the stamper i 22/ the 
formation of the master disc and subsequent formation 
of the stamper, and the centering of hub 44 relative to 
the disc alignment mechanism 40. Any debris from the 
gate cut action and any non-concentricity or 
misinstallation of the other tool parts, such as the 
sprue eject ll 2 , the gate li 4/ the product eject lie 
and the rod cover n 8 no longer will add to the 
resulting RTIR error stamped onto the optical disc 28 
The concentricity of the formatted surface 38 is now 
specified relative to the disc alignment mechanism 40, 
and does not rely on other features of the disc, such 
as center hole 46. 

in Fig. 8 , the use of the disc alignment mechanism 
aS a sta <*ing mechanism during the disc 
manufacturing process is generally shown at 140 a 
Plurality of optical discs 28 (indicated as 28A, 28B 
28C and 28D) (or more specifically, disc replicas), are 
shown stacked upon each other. The disc alignment 
mechanism 40 (shown as an annular ring) extends from 
the disc substrate 36, and is used as a stacking 
mechanism to aid in stacking the optical discs 28 
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between manufacturing steps. When used as a stacking 
mechanism, the disc alignment mechanism 4 0 provides a 
separation between each optical disc 28, and separates 
the formatted surface 38 from contact with an adjacent 
5 disc. In the exemplary embodiment shown, the optical 
discs 28 include a mechanism to lock the discs in a 
radial position relative to each other, such as the 
depression 72 shown to further aid in stacking the 
optical discs 28. The optical discs 28 are formed such 

10 that when stacked, the disc alignment mechanism 4 0 sits 
or fits just inside depression 72. As such, depression 
72 adds radial (or lateral) stability to the stacked 
optical discs 28. The depression 72 inhibits 

individual movement of the optical disc 28 in the 

15 radial direction relative to an adjacent optical disc. 

With the disc alignment mechanism 40 in accordance 
with the present invention, the disc alignment 
mechanism 40 may be used as a disc stacking mechanism 
during the manufacturing process. With disc alignment 

20 mechanism 40, it becomes no longer necessary to store 
each individual optical disc 28 in individual disc 
cartridges in between steps of the manufacturing 
process. The optical disc 28 may be neatly stacked 
without causing damage to each other. Although only 

25 four optical discs 28 are 1 shown stacked, it is 
recognized that many optical discs 28 may be stacked on 
top of each other. 

In Fig. 9, one embodiment of a method of centering 
the hub 44 relative to the formatted surface 38, and in 

30 particular, disc alignment mechanism 4 0 is shown at 
150. This embodiment includes a jig 152 including a 
jig body 154, a mating mechanism 156 (such as the 
annular groove shown), and a jig spindle 158. The jig 
body 154 is generally cylindrically shaped. The 

35 annular groove 156 is located about a top surface 160, 
and corresponds to and is matable with the disc 
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alignment mechanism 40 located in optical disc 28. The 
jig spindle 158 is precisely centered on the top 
surface 160 of the jig 152, having a size and shape 
corresponding to the disc drive spindle 30. Although 
the disc alignment mechanism 40 is shown as an annular 
ridge, it is recognized it may take on other forms, 
such as an annular groove or pin, which are capable of 
mating with a corresponding mating mechanism 156. 

In operation, the hub 44 is centered relative to 
the disc alignment mechanism 40 by first placing the 
hubless optical disc 28 on the jig 152, with the disc 
alignment mechanism 40 placed within jig annular groove 
156. A bead of adhesive is placed about the center 
hole 42 on disc surface 70, and specifically within 
15 depression 72. The hub 44 is placed over jig 152 
(indicated by arrows 162) by placing the hub center 
hole 4 6 over the jig spindle 158. Using this simple 
centering process, the hub 44 is now secured within 
center hole 42 and centered relative to disc alignment 
mechanism 40 (and more importantly, formatted surface 
38). In one preferred embodiment, the jig annular 
groove 156 is at least 0.5 mm deep relative to the top 
surface of the jig 152, and is shaped for mating or 
coupling with the disc alignment mechanism 40. 

Referring to Fig. 10, after the adhesive 164 
dries, the completed optical disc 28 may be removed 
from the jig 152 for installation within the cartridge 
shell 26 (not shown) . it is also recognized that the 
hub 44 may be centered relative to the disc alignment 
mechanism 40 using other known centering processes, 
which may be more costly or less efficient, such as the 
use of a camera system. 

In Fig. li, optical storage system 20 is shown in 
operation. In particular, the interaction between the 
optical disc 28 and the optical disc drive spindle 30 
is shown and will be described herein. 
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In operation, the optical disc cartridge 22 is 
placed within the optical disc reader 24 (partially 
shown) . The optical disc drive spindle is operated 
upward (indicated by directional arrow 172) to engage 
5 or couple with the optical disc 28. In particular, the 
center pin 32 is precisely received within the hub 
center hole 46 for centering the optical disc drive 
spindle 30 to the data tracks on the formatted surface 
38. Although the hub 44 is generally centered within 

10 the center hole 42, the hub 44 is precisely centered 
relative to the disc alignment mechanism 40. In turn, 
the concentricity of the data tracks on the formatted 
surface 38 has been registered relative to the disc 
alignment mechanism 40 during the disc manufacturing 

15 process. 

As the optical disc drive spindle 30 is brought 
forward, the optical disc 28 contacts and seats on the 
flange surface 60. When in an engaged position, the 
optical disc drive spindle coupling mechanism 58 is 

20 aligned with the hub coupling mechanism 79. An 
electromagnetic force is applied in the normal 
direction for retaining the optical disc 28 against the 
optical disc drive spindle 30. In one embodiment, the 
electromagnetic force is 4.5-9.0 newtons. This 

25 coupling action results in a compression force between 
the hub flange 78, indicated at 176, and the optical 
disc drive spindle flange surface 60, indicated at 178. 

With the unique design in accordance with the 
present invention, the adhesive holding the hub 44 to 

30 the optical disc substrate 36 is stressed favorably in 
compression and shear during operation, making it 
almost impossible for the hub 44 to be displaced from 
the optical disc center hole 42. Further, since the 
hub flange compression force 176 and the drive spindle 

35 flange compression force 178 are in direct alignment, 
the media will not be caused to be warped since there 
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is a zero clamp moment on the disc substrate 38. 

Upon removal of the electromagnetic force between 
the drive spindle coupling mechanism 58 and the hub 
coupling mechanism 79, the drive spindle 30 may be 
disengaged from the optical disc 28. 

As previously described herein, the concentricity 
of the formatted surface 38 is linked to the 
registration provided by the disc alignment mechanism 
40 (formed by the inner holder 120 during the disc 
molding process) . The hub center hole 46 is centered 
with the disc alignment mechanism 40. As such, when 
the optical disc drive spindle center pin 32 is 
precisely fit within the hub center hole 46 the 
optical disc drive spindle 30 is centered relative to 
the data tracks on the formatted surface 38. 

Since the process of manufacturing the optical 
disc 28 results in an optical disc having a low RTIR 
error, the optical disc 28 in accordance with the 
present invention is very useful for high-capacity 
optical discs. The high-capacity optical disc having a 
low RTIR error utilizes a hub which is precisely 
centered relative to the disc alignment mechanism 40. 
in a preferred embodiment, the hub 44 is precisely 
centered relative to the disc alignment mechanism 40 
using a jig centering process. 

In Fig. 12, a partial cross-sectional view of 
another embodiment of the optical disc in accordance 
with the present invention is shown at 128 (for 
clarity, the disc cartridge shell is not shown) . The 
optical disc 128 can be similar to the optical disc 28 
as previously described herein. The optical disc 128 
includes a read side 130 and a non-read side 132. The 
formatted surface 38 and disc alignment mechanism 40 
are located on read side 130. The data tracks on the 
formatted surface 38 are concentrically registered to 
the disc alignment mechanism 40 during the molding of 
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the disc substrate 36, using processes as previously 
described herein. 

Hub assembly 44 is located on non-read side 132, 
Hub assembly 44 is centered relative to the disc 

5 alignment mechanism 40, and as such, is also centered 
relative to the data tracks on the formatted surface 
38. The hub assembly 44 extends across center hole 42, 
and in one embodiment, is centered relative to the disc 
alignment mechanism 40 using a jig centering process as 

10 previously described herein. Alternatively, it is 
recognized that the hub assembly 44 may be centered on 
disc substrate 36 using other centering processes, such 
as a camera system. 

In one exemplary embodiment, the hub assembly 44 

15 extends across center hole 42, but does not extend into 
center hole 42. The hub assembly includes a first 
piece 134 and a second piece 136. The first piece 134 
may be formed of a polymeric composite, and the second 
piece 13 6 may be a magnetically active segment, and can 

20 be formed of a ferro magnetic material to aid in 
magnetically coupling the optical disc 128 to a drive 
spindle, as previously described herein. The hub 
assembly 44 may be generally disc shaped and formed 
using an insert molding process. Once the hub center 

25 hole 46 is centered relative to the disc alignment 
mechanism 40, the hub assembly 44 may be secured to the 
disc substrate 3 6 using an adhesive. 

In Fig. 13, a partial cross-sectional view of 
another embodiment of the optical disc in accordance 

30 with the present invention is generally shown at 228. 
The optical disc 228 can be similar to the optical disc 
128 and optical disc 28 as previously described herein. 

In this embodiment, the disc alignment mechanism 40, 
located on read side 130, is concentrically registered 

35 relative to the data tracks on the formatted surface 
38. The disc alignment mechanism 40 simply consists of 
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a single annular groove formed into the disc substrate 
36 during the disc molding process. The disc alignment 
mechanism 4 0 can be formed into the disc substrate 3 0 
usxng the shaped surface of the optical tool inner 
holder 120 (as shown in Fig. 6 and 7). m this 
embodiment, the disc alignment mechanism 40 is 
reflected into the surface of the disc substrate 36 
using raised portion 128, which also functions to 
extend over an edge of the stamper 122, securely 
retaining the stamper 122 in place. The disc alignment 
mechanism 40 is capable of mating with a jig mechanism 
(such as jig 152 shown in Fig. 9) for centering the hub 
assembly 144 on the disc substrate 36 relative to the 
disc alignment mechanism 40. it is also recognized 
that the disc alignment mechanism 4 0 may be reflected 
into the disc substrate 36 using other disc tooling 
members, such as the stamper 122. 

With disc alignment mechanism 40, the hub assembly 
44 may be centered across center hole 42 relative to 
the dxsc alignment mechanism 40 using a centering 
process, such as the jig centering process previously 
described herein. Although the hub assembly 44 is 
generally centered across center hole 42, the hub 
center hole 46 is precisely centered relative to disc 
25 alignment mechanism 40. when placed over the drive 
spindle of a disc drive mechanism, the data tracks on 
the formatted surface are concentrically registered and 
centered on the drive spindle. 

Using the centering process in accordance with the 
present invention, the optical discs 28, 128 and 228 
can be high capacity optical discs, having a high 
capacity of data encoded therein, while having a low 
RTIR error due to the precise centering and concentric 
registration of the data tracks as described herein. 
The disc alignment mechanism 40 in accordance with the 
present invention allows the data tracks of the 
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formatted surface 38 to be precisely registered 
relative to the disc alignment mechanism 40 during the 
disc molding process, while avoiding the introduction 
of a high RTIR error inherent in conventional disc 
5 molding processes. 
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Claims: 



1. An optical storage system (20) including a 
disc drive and an optical media (28) having a low 
5 radial total indicated runout, the optical media 
comprising: 

a disc substrate (3 6) having a center hole 
(42), the disc substrate including a formatted 
surface (38) and central portion (64), wherein the 
10 central portion is located between the formatted 

surface and the center hole; 

a disc alignment mechanism (40) located 
within the central portion, wherein the concentric 
registration of the formatted surface is specified 
15 relative to the disc alignment mechanism; and 

a hub (44) having a hub center hole (46), 
wherein the hub center hole is centered relative 
to the disc alignment mechanism; and 
the disc drive comprising: 
20 a drive spindle (30) ; and 

a center pin (32) extending from the drive 
spindle for centering the drive spindle to the 
optical media. 



2. An optical disc (28) for the storage of a 
high capacity of information therein, the optical disc 
comprising: 

a disc substrate (36) having a center hole 
(42), the disc substrate including a formatted 
surface (38) and a central portion (64), wherein 
the formatted surface includes a plurality of 
spiral or concentric tracks, and wherein the 
central portion is located between the formatted 
surface and the center hole; 

a disc alignment mechanism (40) located 
within the central portion, wherein the concentric 
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registration of the formatted surface is specified 
relative to the disc alignment mechanism; and 

a hub (44) positioned at the center hole, 
wherein the hub is centered relative to the disc 
alignment mechanism. 

.3. The article of claims l or 2, wherein the 
dxsc alignment mechanism is integrally molded with the 
disc substrate. 

4. The article of any of claims 1-3, wherein the 
disc alignment mechanism includes an annular ridge 
extending from the disc substrate. 

15 5 * The article of any of claims 1-3 , further 

comprising a magnetic material for magnetically 
coupling (58) a drive spindle (30) to the optical 
media. 

20 6 * The article of claim 5, wherein the hub is 

comprised of a first piece (134), and a second piece 
(136) formed of a magnetically active material. 

7. The article of claim 5, wherein the hub 
25 comprises: 

a generally cylindrically shaped body (76); 

a flange (78) extending from the generally 
cylindrically shaped body; 
30 wherein the flange is secured to the disc substrate. 

8. The article of any of claims 1-3, wherein the 
optical disc has a radial total indicated runout error 
of 30 um or less. 



and 
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9. A method of centering a hub (44) relative to 
a formatted surface (38) of an optical disc (28) 
capable of containing a high capacity of information 
5 therein, the optical disc having a low radial total 
indicated runout error, the method comprising the steps 
of: 

molding a disc substrate (36) having a center 
hole (42) , the disc substrate including the 
10 formatted surface and a central portion (64), 

wherein the central portion is located between the 
formatted surface and the center hole; 

forming a disc alignment mechanism (40) 
within the central portion, wherein the concentric 
15 registration of the formatted surface is specified 

relative to the disc alignment mechanism; and 

using the disc alignment mechanism to center 
the hub, 

20 10, The method of claim 9, wherein the hub 

includes a hub center hole (46) , and wherein the hub 
center hole is centered relative to the disc alignment 
mechanism. 

25 11. The method of claims 9 or 10, wherein the 

disc alignment mechanism is an annular ring. 

12. The method of claims 9 or 10, wherein 
centering the hub further comprises the steps of: 
30 providing a jig (152) having a centering 

mechanism (156) and a center pin (158), wherein 
the center pin is centered on the jig relative to 
the centering mechanism, and wherein the centering 
mechanism is matable with the disc alignment 
35 mechanism; 

placing the disc substrate on the jig, 
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wherein the disc alignment mechanism is mated with 

the centering mechanism; 

placing the hub over the center pin; and 
securing the hub to the disc substrate. 

5 

13. A stackable optical disc (140) comprising: 

a disc substrate (36) having a first side and 
a second side, including a formatted surface (38) 
therein; 

10 a stacking mechanism including an annular 

ridge (40) extending from the disc substrate first 
side; and 

means (72) integral the disc substrate second 
side for providing radial support during stacking 
15 the optical disc. 



14. The disc of claim 13, wherein the means for 
providing radial support is a depression (72) in the 
disc surface. 

20 
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